13 14 Background: Cells are powered by a large set of macromolecular complexes, which 15 work together in a crowded environment. The in situ mechanisms of these complexes 16 are unclear because their 3-D distribution, organization, and interactions are largely 17 unknown. Electron cryotomography (cryo-ET) is a key tool to address these knowledge 18 gaps because it produces cryotomograms --3-D images that reveal biological structure 19 at approximately 4-nm resolution. Cryo-ET does not involve any fixation, dehydration, 20 staining, or plastic embedment, meaning that cellular features are visualized in a life-21 like, frozen-hydrated state. To study chromatin and mitotic machinery in situ, we have 22 Conclusions: Cellular cryo-ET data can be mined to obtain new cell-biological, 36 structural, and 3-D statistical insights in situ. Because these data capture cells in a life-37 like state, they contain some structures that are either absent or not visible in traditional 38 EM data. Template matching and subtomogram averaging of known macromolecular 39 complexes can reveal their 3-D distributions and low-resolution structures. Furthermore, 40 these data can serve as testbeds for high-throughput image-analysis pipelines, as 41 training sets for feature-recognition software, for feasibility analysis when planning new 42 structural cell-biology projects, and as practice data for students who are learning 43 cellular cryo-ET. 44 45
subjected yeast cells to a variety of genetic and/or chemical perturbations, 23 cryosectioned them, and then imaged the cells by cryo-ET. 24 25 Findings: Every study from our group has generated more cryo-ET data than needed. 26 Only the small subset of data that contributed to figures in these studies have been 27 publicly shared. Here we share more than 1,000 cryo-ET raw datasets of cryosectioned 28 budding yeast S. cerevisiae. This data will be valuable to cell biologists who are 29 interested in the nanoscale organization of yeasts and of eukaryotic cells in general. To 30 facilitate access, all the unpublished tilt series and a subset of corresponding 31 cryotomograms have been deposited in the EMPIAR resource for the cell-biology 32 community to use freely. To improve tilt series discoverability, we have uploaded 33 metadata and preliminary notes to publicly accessible google spreadsheets. Cryo-ET is the combination of electron cryomicroscopy (cryo-EM) and computed 52 tomography. In a cryo-ET experiment, 2-D cryo-EM data are incrementally recorded 53 while the sample is rotated by typical angular steps of 1° to 3° over a range of -60° to 54 +60°. These "tilt series" images are then mutually aligned and combined to generate a 55 3-D reconstruction called a cryotomogram. Because the cryotomogram contains a 56 single field of view, cryo-ET is particularly valuable for the structural analysis of "unique" 57 objects that cannot be averaged, such as cells [1] [2] [3] . A cryotomogram can contain a 58 piece of tissue, cell, a portion of a cell, an isolated organelle, or a field of purified 59 macromolecular complexes. This data note focuses on cryo-ET data of cryosectioned 60 cells. 61 62 Cryo-EM is becoming a "big data" method [4] . Highly automated cryo transmission 63 electron microscopes, automated data-collection software, and fast-readout direct-64 detection cameras can now generate terabytes of data per day [5] [6] [7] [8] [9] [10] [11] . Cryo-EM "single-65 particle analysis" (SPA) raw data contain many copies of conformationally and 66 constitutionally similar macromolecular complexes that are suspended in buffer. In 67 contrast, cellular cryo-ET raw data contain many species of macromolecular complexes. 68 Furthermore, cellular cryo-ET data are usually recorded at lower magnification than for 69 SPA. This dichotomy reflects (with exceptions) different goals: SPA studies aim to 70 achieve maximum resolution of a few species of macromolecular complexes while 71 cellular cryo-ET studies aim to determine how macromolecular complexes are 72 distributed and organized in their intracellular environment. SPA and cellular cryo-ET 73 studies do share similarities. Notably, only a small percentage of the collected data 74 contribute to published models. 75 76 Our group has collected hundreds of tilt series per project. Because our studies are 77 focused on one or a few types of structures, most of our data is in surplus. Two types of 78 surplus data are "byproducts", i.e., imaged cell positions that lack the targeted 79 structures, and "bystanders", i.e., imaged cellular structures adjacent to the targeted 80 structures. We have previously shared cryo-ET data with collaborators and colleagues 81 using commercial internet solutions like Dropbox and Google drive, but we found that 82 these tools were suboptimal for sharing multi-gigabyte files. Alternative web 83 technologies have allowed resources such as Electron Microscopy Public Image 84 Archive (EMPIAR) [12] and the Caltech Electron Tomography Database (ETDB-85 Caltech) [13, 14] to share terabyte-sized datasets globally and more conveniently. We 86 have deposited our published and surplus cryo-ET tilt series data in EMPIAR. Context 90 We are interested in the relationship between macromolecular structure and function 91 inside cell nuclei. As a model system, we use yeast cells that are arrested at well-92 defined points in the cell cycle ( Fig. 1A) . We have shown that chromatin is packed 93 irregularly without forming any monolithic condensed structures in both interphase and 94 6 mitosis [15, 16] and that the majority of outer-kinetochore Dam1C/DASH complexes 95 assemble as partial rings and do not contact the kinetochore microtubules' curved tips 96 in situ [17] . These studies show that the intracellular distribution and organization of 97 macromolecular complexes are not always consistent with the models derived from in 98 vitro studies. Indeed, our efforts to locate Dam1C/DASH in situ were hampered because 99 we originally searched for complete rings butted up against curved microtubule 100 protofilaments. We also had difficulty locating condensed chromosomes in fission yeast 101 because we were expecting to find a monolithic nucleosome aggregates separated from 102 a relatively "empty" nucleoplasm. Our group has recorded more than one thousand tilt series of cryosectioned yeast cells. 105 These include the budding yeast Saccharomyces cerevisiae and the fission yeast 106 Schizosaccharomyces pombe. Only a minority of our recorded tilt series were presented 107 in a paper; this data subset is already available at EMPIAR. Here we present the 108 surplus cellular tilt series data we collected as part of published studies. We have 109 neither analyzed nor intend to analyze in detail the vast majority of this data. These data 110 will be valuable to other groups interested in macromolecular complexes and cytological We have shared via google sheets a read-only set of tabbed spreadsheets that contain 141 metadata and preliminary notes and observations (Fig. 1C , link in Availability section). 142 These spreadsheets are "live" documents and will be updated as new datasets are 143 deposited. The first spreadsheet tab has a summary of all the data, links to additional 144 related resources, commonly used commands, and a link to an online feedback form. 145 Subsequent tabs contain detailed information on each tilt series, grouped by a strain ID 146 and a treatment condition. For example, the "US1363_nocodazole" spreadsheet 147 describes cryo-ET data of US1363 cells that were treated with the tubulin-148 polymerization inhibitor nocodazole. 149 150 In the detailed metadata spreadsheets, each row corresponds to one tilt series. Some 196 cryotomograms loaded this way can be rapidly toggled in sequence using the "1" and 197 "2" shortcut keys. The deposited cryotomograms should be considered preliminary for three reasons. Examples of such features include mitochondrial filaments ( Fig. 2A) , ordered layers in 240 lipid-droplet-like bodies (Fig. 2I) , and amorphous cellular aggregates (Fig. 2J) . 241 Furthermore, this data will provide morphological, distance, or stoichiometric constraints 242 for groups attempting to reconstitute either a complex or a cellular body.
244
Higher-resolution structural information can be obtained by alignment and averaging of 245 subtomograms containing copies of the macromolecular complex. If multiple copies of a 246 macromolecular complex can be detected in one or more cellular cryotomograms, they 247 can be analyzed as "single particles" and averaged together to achieve density maps 248 that have high-resolution features, as discussed in recent reviews [21] [22] [23] [24] . The centers 249 of mass and orientation information can then be used to remap the average back into a 250 volume the size of the cryotomogram. If the complexes are densely packed, these 251 remapped models will reveal higher-order structure as seen in polysomes and 252 oligonucleosomes [28, 29] . Cellular cryotomograms also contain hard-to-find structures (Fig. 3) . These structures 257 are either rare or they are located in cellular positions that we rarely target, such as the 258 bud neck (Fig. 3C ). Many of these structures, such as inter-membrane contact sites (Fig   259   3F ) and lipid-body protrusions (Fig. 3H ) are poorly documented in the cryo-ET literature. 260 We anticipate that yeast cryo-ET data will help stimulate the discovery and detailed 261 characterization of interesting eukaryotic subcellular bodies just as cellular cryo-ET has 262 done for bacterial cell biology [31] [32] [33] [34] [35] . Furthermore, structures that are identified by 263 other groups can be retrospectively analyzed in this data in the context of known cell-264 cycle states and pharmacological perturbations. 
